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Abstract 
The paper attempts to discuss the research methodology and research tools pertaining to physical design at all level. It 
starts with the definition of scientific research and its underlying obligation—on why and how empirical approach 
proves and derives facts to accommodate good design.. The paper also connects the field of environment and 
behavior with research approaches in design, assuming that design of physical environment meant to respond to 
users’ daily living behavior, and vice versa. Simulation is thus a crucial tools for cognitive enquiry. A number of 
research experiences are cited to support such viewpoints.  
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1. Introduction 
Behavioral research in design has long been recognized as a mean of inquiry to understand the user’s 
needs and their fulfillment. Design procedure is also a crucial process, by which most practitioners 
utilized as an acquiring method towards new knowledge. The environment and behavior paradigm aims to 
holistically respond to the behavioral need of human livelihood—be it functionality, identity, meaning, 
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cultural heritage, sustainability, and building innovation—this paper aims to take this position to describe, 
in part, the design research methodology and provide some research examples from the author’s personal 
experience.  
Methodologically, the paper attempts to demonstrate the application of simulation by linking several 
levels of scale ranging from small artifact to larger landscape. The application of simulation could also 
apply in conjunction with other research tools such as behavioral observation. Physical simulation can be 
valuable for deriving spatial linkages of activities and area requirement for functionality. Commercial 
value and customers’ perceptual response can be derived from the simulated visual cue as stimuli. Full 
scale mocked up and partially mocked up is proved to be a useful tool for spatial and atmospheric problem 
and remedy. And finally, the paper attempts to describe the usage of simulation on corporate and spatial 
identity research.    
Examples of research using simulation as prime inquiry includes transformation of vernacular objects 
to modern use, POE as a means of inquiry to derive environmental factors, commercial values pertaining 
to users’ perception, and spatial issues of architectural design.  
Most of all, resultant of design research could be of immediate benefit to improve the existing design, 
and can be generalized and documented for future use, both of which are crucial for the betterment of the 
design discipline. 
2. Environment Behavior and Paradigm Shift 
Most disciplines revolve around the changes of thoughts arising from empirical research. Thomas 
Kuhn (1970) has been the pioneer attempted to explain the pattern of paradigm shift beginning with the 
normal belief, practices, and theoretical basis in each of the discipline called “paradigm.” Scholars in a 
particular discipline work within such normal science, conducting research and pursuing in depth 
knowledge to confirm and enhance their own theories. The course of research usually discover small 
contradictions among normal believe, causing minor changes in theoretical settings, which changes call 
“anomalies”. Major discovery from empirical research, however, causes major alteration in theories and 
normal believes in the paradigm. Such major changes are referred to by Kuhn as scientific revolution. 
Innovation and new knowledge are usually acquired through this process (Figure 1). 
3. Research and Generalization of Empirical Knowledge 
Most behavioral researches are ongoing activities, building upon the existing knowledge. Theoretical 
foundation is thus assumed the crucial origin for conceptualizing hypothesis and operationalizable 
measurement in that particular field of research. Empirical value could then be obtained through the 
observation and/or experimentation process, to operationalize the designated conceptual variables. This 
deductive process narrows down the broad theoretical argument to the specific case for the convenient of 
examination, where methodology, approach, and research tools can be applicable to some specific cases. 
The inductive procedure, on the other hand, attempts to utilize the logical reasoning to associate the case 
result to enhance the richness of the original theory. Most social and behavior researches thus use the 
‘deductive-inductive’ integration procedure in their major methodological approach (Figure 2).    
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Fig. 1.  Pattern of scientific revolution. Source : Thomas Kuhn, 1970 
4. Design Process as a Mean of Learning 
From both the scientific adaptation practice and behavioral research approach, let us turn back for a 
moment to the design and learning process of knowledge accumulation cycle. Design process tends to 
start with the programming procedure to acquire needed input information as programmatic knowledge to 
support the design rationale. To save time and efforts, designers/researchers resort to previous 
paradigmatic type of knowledge which has been accumulated from numerous design cycles. With 
integrated knowledge as such, designers move ahead to the design and choice stage before the actual 
implementation of built environments or products. Evaluation by users usually takes place after the space 
and/or products are put in to utilization. Such generalized paradigmatic knowledge is crucial in the design 
discipline (Figure 3). Knowledge in the paradigm of design could thus be acquired through the process of 
design practice (Zeisel, 2006).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. (a) Cycle of knowledge extraction in behavioral and social research; (b) Cycle of knowledge accumulation in the design 
process 
38   Nopadon Sahachaisaeree /  Procedia - Social and Behavioral Sciences  36 ( 2012 )  35 – 50 
5. What EB Contributed to Design and the Design Cycle? 
The environment and behavior field of study examines the interaction between the physical milieu—
with scale as small as product design to large scale landscape and urban settings—and human responses, 
considering the environment as stimuli of some sorts. It usually works through the human psychological 
process—visual and ambient cue.  In this light, the physical setting determines two types of interactions—
human-environment interaction and interaction among human being within the context of environment. 
The former type of interaction involves the psychological process of perception, cognition, and 
recognition, while the later establishes the process of territoriality, personal space behavior and privacy 
(Figure 3) (Harayangkul 2011). Environment and behavior as a research approach thus involves a number 
of disciplines, such as psychology, design, social sciences, economic, geography, urban design, etc. The 
relevancy of the approach also combines two aspects of variables—the physical environment and human 
behavioral response. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Partial structure of the environment-behavior paradigm 
Physical and environmental interpretation comprises two types of meanings, namely representational 
and responsive meanings. The representational meaning focuses on two categories of appearance 
interpretation, presentational—the observed form and icons—and referential, which convey both 
affordance and express the value of the designed environment. The responsive meanings, on the other 
hand, carry the affective, evaluative and prescriptive natures of environmental perceptions, which lead to 
the behavioral pattern of users (Figure 4(a)).   
6. From Paradigm Shift to EB Research Issues: What Methodology Means to EB Research 
My argument is that design research is a form of knowledge accumulation by which programmatic 
information is transferred to paradigmatic through the process of design implementation and evaluation. 
Choices of design proposal could be tested even before they are built. In this case some powerful research 
tools, being able to empirically link the environment and human behavior pattern, are needed in the EB 
discipline in order to reach the design solution.  Good research tools to accommodate the paradigm shift 
of the design discipline must be able to comply with the behavioral research approach, to be part of the 
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design process, support the EB discipline, extract the meaning of design products, and being part of the 
place, sustainability, and participation notions (Figure 4(b)).  A body of literature has established the 
course of EB research at the theoretical and operational levels (Zeisel, 2006; Groat and Wang,.2002; 
Sommer and Sommer, 1997). Research tools usually stem from the evaluation of relevant built 
environment after they are put to use. In formations regarding utilization are usually gained from users as 
Post Occupancy Evaluation which includes self report, behavioral observation, environmental sensory. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. (a) Meanings of the built environment; (b) Partial structure of EBS and design research issues 
6.1. Simulation for what is not existed and its integration with other research tools 
Two approaches are usually applied in the field of environmental design—the paradigmatic and 
programmatic procedures—in order to assemble information required for the succeeding design phases. 
The paradigmatic type of knowledge is usually obtained by means of occupying and utilization of the 
environment, from which users evaluate and modify the environment to suit their needs.  In this case, 
environment exists and can be used as trial product to draw users’ response, be it behavioral or reported 
perception. In the case of programmatic information to be supplied to the design process where built 
environment has yet existed, to obtain users’ response on the hypothetical environment is rather 
complicated. Researchers still need non-verbal means of some sorts to convey the operationalized 
variable in to environmental settings in order to draw response from potential users. Simulated 
environment as stimuli thus play an important role in this state of affairs. It comprises both physical 
settings, such as mocked up for experimentation, pictorial for visual perception, and animated 
computerized environments for spatial testing. A complete research design for particular environment 
usually integrates several approaches and research tools to derive the needed information (Figure 5).    
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Fig. 5. Research tools pertaining to EB field of design 
The integrated research tools thus cover the areas of environmental and behavioral observation, attitudinal 
self report, experimentation, and environmental simulation for what has not yet existed. Appropriateness 
of utilization depends much upon the environmental aspects to be revealed and linked to the perception of 
users—the scale dimension, the spatial dimension, and the formal dimension of design. The scale 
dimension ranges from the levels of regional, urban, landscape, community/ neighborhood, architecture, 
to interior architecture.  In the smaller level, research topic might include artifacts such as product, 
graphic, packaging, and utensil to be linked with users’ behavior. The spatial dimension of research, on 
the other hand, involves location, area requirement, and the affordance of the environment. Finally, the 
formal dimension focuses on the appearance, the ambient condition, and meanings of the environment. 
Physical simulation is applicable to the three dimensions of environment and behavior research—place, 
sustainability, and participatory design.   
Since research result must stem from empirical evidence, research design using attuned research tools 
are crucial factors for gaining generalizable and trustworthy outcome for future use.  
As mentioned earlier, programmatic information for future research deals with users’ responsive issues 
vis-à-vis environment which has yet existed.  Two types of simulated stimuli are usually used to draw 
answers from potential users—3D pictorial stimuli and mocked environment as stimuli. Answers could be 
designed to be measured in terms of “semantic differential” scaling. In this setting, a single environment 
embedded with tested variables—color, materials, styles—is usually applied as point of reference for 
subjects to weight it on a scaling system between two contrasting adjectives—arousal/dull, 
exciting/boring, bright/dark. On the contrary, research tools can be modified using two different pictorial 
representations—room with hot/cool color tone, furniture made of wood/metal—to draw answers from 
subjects against a single adjective—modern, technological, stylistic (See Exhibit 1. Kernsom and 
Sahachaisaeree, 2010). Another example of similar application has been the application of simulation for 
smaller objects such as product or packaging design where users’ preference and perception toward the 
appearance of the product must be tested (see exhibit 2. Charanya, 2010). Vernacular artifacts are used as 
visual reference for modern product design, where alternative methods of transformation from vernacular- 
to modern-design for present consumer market are tested against the perception of experts and potential 
customers for purchasing prospects. Objects simulation is crucial for the testing of products which has not 
yet been manufactured for final suggestion. Multiple regression analysis in the final stage of this research 
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reveals an association between perceptions of product appearance and buying prospects by means of 
simulated pictorial stimuli, which could hardly be communicated by means of verbal description alone. 
Another similar example has been Simsiri and Sahachaisaeree’s (2010) attempt to test the marketing 
strategy for vernacular Thai product by substituting product’s background information to enhance the 
vernacular value for foreign purchasers (see exhibit 3). 
Exhibit 1.Restaurant design and environmental appearance predicting food genre, cost and the extent of food tastiness Source: 
Kernsom and Sahachaisaeree, 2010 
 
 
 
 
 
 
 
 
Exhibit 2.   Design Features and Guidelines of Modern Household Utensils Reflecting Formal Appearance of Vernacular Artifacts: 
A Case Study of Tableware Deriving from Sukhothai 
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A number of empirical findings point to the fact that visual images—for example packaging—could convey meanings, 
texture, smell, even taste of content sealing inside a food package. Shop fronts and window display also illustrate merchandise 
carried by the particular shop, allowing customers a convenient way to make shopping decisions. This research presumes that 
restaurant façades could also reflect the meaning, genre, and level of delicacy of food the restaurant is bound to serve. It is, in 
turn, the major challenge facing restaurant designers on how to express the sense of 'tastiness' to customers, being able to lure 
them into the restaurant. Despite of their design proficiency, designers often time neglect the significance of psychological 
dimension of visual perception their design is about to convey.  
The main objectives of this research are thus to investigate factors determining customers' perception upon the genre and 
tastiness of food a restaurant has to offer. It endeavors to discover how people respond distinctively to different restaurant 
façade designs as environmental 'visual stimuli.' As a result, a set of design guidelines for restaurant façade design could be 
established and utilized by designers to convey the message of food genre, cost and level of food delicacy.  
This study applies a composite research methodology, namely, simulated photographs as visual stimuli to obtain answers by 
means of a structured questionnaire.   A set of design features is first gathered by means of literature research—the 
appearance of lighting, existence of menu, cooking demonstrations and food display at shop front. These features are 
hypothesized to influence the perception of customers on food genre, cost and the extent of food tastiness. A set of 
photographs are generated with different design features to be compared and draw perceptual answers from participating 
subjects. The study found that four design factors which strongly indentify food genre and tastiness are the existence of 
graphic, menu, and food model and food picture. Design indicators of restaurant positioning, on the other hand, comprise food 
model, ample space and type of seating. The research also reveals that the resultants of perceptual response to pictorial stimuli 
are valuable findings on association between visual perception, and the meaning of environment attached to it.  
Vernacular objects usually reflected the contextual origin and the value carried with the historical backdrop. Design features 
of utensils transformed from tradition-style needed to be functionally altered to meet the need of modern lifestyle yet still 
maintaining their traditional value. Sukhothai as the first state of Thai Kingdom has been famous in craftsmanship on 
household utensils and high-quality ceramic ware since 1200s. This research uses the Sukhothai artifacts as case study to 
analyze the particular design features of chinaware in this period and utilizes it as visual reference, embedding its identity into 
modern household utensils. The framework of the study derives from four lines of thoughts, namely, the original design 
concepts of the Sukhothai’s craftsmanship, principles of contemporary design, customer behavior, and the ceramic 
manufacturing process. The study uses a Delphi method to collect information from experts relating to the design features of 
the tableware in this era. Data obtained from this stage is then used as visual reference to create a set of design prototypes to 
test the perception of different subject groups. Resultant from the study is utilized to set up a guideline for designing the 
modern household tableware that could reflect the vernacular handicrafts of the era. Finally, the findings also recommend a 
proper procedure by which vernacular artifacts is transformed into modern utensils. The research found that the best design 
feature being able to convey the characteristics of vernacular design into modern utensils are design pattern follows by 
celadon enameling, formal design, and the two-tone patterned enamel respectively.   The study also found that patterns with 
creature figures such as fishes are best represent the handicrafts in the Sukhothai era. Among the 4 types of transformation 
techniques being tested with the Sukhothai experts, the study found that pattern is the best conveying means follows by 
celadon enameling, formative design, and the two-tone patterned enameling. The study also found that the combination of 
transformation techniques could ultimately enhance the representation of visual reference; among them, the mixture between 
pattern and celadon enameling obtains a best optimal result. The study found, however, that there is a great difference 
between the Sukhothai experts’ and the lay persons’ perception upon the design value, whereby, the potential purchasers 
preferred design utilizing the two-tone patterned enameling instead.  
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6.2. Integration with environmental observation 
In some instance, simulation alone can hardly prove the complete cycle of E-B interaction process. 
Existing environment and actual behavioral responsive observation are then utilized to indicate the pros 
and cons of different type of environments. (see exhibit 4. Kantarak and Sahachaisaeree, 2009) In this 
research, an Arts and Culture Center in Chiengmai province is used to test three different types of exhibit 
design features—lighting, object size and display medium—vis-à-vis the levels of attraction to audiences. 
A “repeated measure” statistical analysis is able to reveal different levels of impact of each exhibit design 
features on users’ attention. In this light, indicators on both environment and behavioral checklist are 
crucial in that they must be designed to cross reference with each other. Another instance for 
environmental observation is the association between environment and the effectiveness of treatment. (see 
exhibit 5. Noiprawat and Sahachaisaeree, 2003) In this research, three treatment centers with different 
environmental settings are tested to prove the relation between environmental differentiation and the 
distinctive level of CP treatment effectiveness for children. Again, research design and behavioral 
checklist are important measures to gauge the level of treatment efficiency determined by different type 
of settings.  
Exhibit 3. Factors Affecting Buyers’ Perceptions in Accordance with Marketing Strategy: A Case of Vernacular Thai Product 
Source: Simsiri and Sahachaisaeree, 2010 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.3. Spatial settings and area requiremen 
Area requirement for specific activity would be another aspect of interest from which designers and 
architects can specify required areas for specific activities with confidence. Experimentation on separate 
simulated area test by means of a body motion envelope (BME) method can finally reveal the shape and 
amount of required area for each activity. (See exhibit 6 Tipian and Sahachaisaeree, 2008) Area 
requirement is also important for specific areas of certain activity, hospital for instance. Spatial settings 
Traditional and locally made handicrafts such as Thai silk, pottery, wood carving, silverwares and jewelry are considered part 
of products with vernacular style, being able to generate revenue and bring about more capital into local communities. 
Development of such products need careful considerations, not only on the appearance which goes hand in hand with the 
unique identity of the products themselves, consumer needs and perceptions are among crucial factors determining the success 
of the design, and therefore, determining the acceptance of the products. Distinctive consumers—tourists from oversea, local 
folks, and urbanites—possess different tastes and perceptions. Product development as such thus has conflicting directions and 
implications, which need guideline with empirical basis.  
The purposes of this research are to seek remedial approach to study marketing strategy vis-à-vis consumer perception on 
vernacular products, utilizing Thai local products as a case study. The research attempts to find an appropriate methodology to 
reach a pattern of local product identity, and to develop a suitable course of design approach to preserve the unique style, while 
maintaining the popularity of the products among different types of consumers. The research also aims to derive a final design 
guideline being able to generalize and applicable for vernacular design as a whole.    
This research assumes that authenticity of vernacular design could be attractive to general consumers. Transformation of 
product appearance in the process of development alters the authenticity and compromises the integrity of the design.  An 
empirically derived pattern of vernacular identity within which the product should develop could preserve the authenticity, and 
therefore, the popularity among consumers.  
The study first gathers images, ornaments, and design elements of vernacular pieces to be categorized and reviewed by art 
history experts, in order to establish a pattern of unique design characteristics, reflecting the local artifact identity. A set of 3D 
simulated pictures are created, following the unique identity pattern, as stimuli to draw attitudinal answers from respondents by 
means of structured questionnaire to test the locals’ and foreigners’ perceptions regarding preference and authenticity—to 
prove the relationships between authenticity and preference, and to derive a design procedure for future design process.  
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within the ward room need certain amount of room sufficient for activities the patients cannot do on 
his/her own (see Exhibit 6 Tipian and Sahachaisaeree, 2008). In this research, two aspects of design 
features are examined—the ambient environment and the spatial settings for effective working activities. 
Several types of activities are tested by means of Body Motion Envelope (BME) method to derive shape 
and size of area requirement—nursing, changing sheet, steering wheel chair/stretchers into the ward, 
turning around of wheel chair, turning angle of corridor-access doorway. A combination of final result—
areas required for body movement, sub task, and task—is able to empirically derive a spatial design 
guideline for ward room under the Thai context.    
Exhibit 4. Display Elements Attracting Viewers’ Attention in Exhibition Environmental Design: A Case of Lighting, Object Size, 
and Display Medium in Chiangmai City Art and Cultural Centre. Source: Kantarak and Sahachaisaeree, IAIDAC, 2008 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.4. Built environment and commercial value 
Simulation of built environment also conveys the representational meanings of the design features to 
end users or target groups in terms of commercial value. Window display is a classic example for drawing 
potential customers into the store, hypothesizing that it can convey the type of product, product 
positioning, product quality, and taste of product design. Somoon and Sahachaisaeree (2010); and 
Kruapanyadee and Sahachaisaeree (2003) examine the effect of display design in two different settings. 
The former looks at garment shops’ window display which potential customer are young female with 
moderate income. Using visual simulation as experimental tool, nineteen design features are tested to 
reveal their deterministic power on viewers’ perception and decision to entering the store for purchasing. 
The study found a pattern of association between design features and two types of perceptual responses—
affective and cognitive. The decision to enter the store and to purchase are also closely related with each 
other which regression statistic shows that viewers’ perception could explain their decision to enter the 
store ranging from 68-80%.  Kruapanyadee and Sahachaisaeree (2003) on the other hand look at the 
design features and spatial arrangement of furniture store, using visual stimuli as settings for questioning. 
The research also found a range of design features which match potential middle class customers who 
Visitors’ attention on exhibition display is governed by a number of factors—content, display location, lighting, object sizes, 
and the approach the object is displayed. Utilizing Chiang Mai City Art and Cultural centre as a case study, this research 
bounds to investigate three factors crucial for the display environment. The factors hypothesized to be prime environmental 
features attracting visitors’ attention are the type of lighting, display object size, and the medium of display. The research takes 
an integrated approach combining a POE method vis-à-vis users’ behavior and self-report response to empirically generalize 
the findings in order to reach an exhibition design guideline. The extent of generalization is, of course, based primarily on the 
contextual similarity to the Chiang Mai City Art and Cultural centre and the respondents’ personal attributes. In fact the 
underlying objective of the research is to test empirically the extent of applicability of an integrated research approach. As for 
research procedure, first, an initial survey on the b Chiang Mai City Art and Cultural centre built environment will be 
conducted to investigate the distinctive attributes of the three features embedded in the gallery’s settings—spatial, sequence of 
content, type of lighting, object size, and type of medium. An approximate of 15 areas within the gallery’s exhibition hall 
(areas A-0) will be assigned in accordance with the distinctive taxonomy of the three features to be utilized as environmental 
stimuli for respondents’ behavior observations. Second, a structured observation scheme will be designed to acquire the 
information regarding the extent of visitors’ attention on each category of feature attributes. Level of attention will be 
measured by means of average number of stops at each particular point and the average length of time the visitors stop for 
reading and other activities at that particular point. A structured questionnaire survey will be conducted at the end of each 
observation to acquire in-depth explanations on the respondent’s distinctive behavior vis-à-vis the referent environment. 
Finally, a multi-dimensional scaling statistical analysis will be applied to investigate the information gathered in reference to 
each distinctive environmental attribute to compare and investigate the causal effect between the stimuli features and visitors’ 
response. Together with information derived from the questionnaire survey, the research will reach a final exhibit design 
guideline appropriate to each unique content and user attribute. 
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shop for home product. Choices of commercial designs which have not yet existed could be tested and 
accurately chosen by means of visual simulation without much difficulty.  
Exhibit 5. A  Physical  Therapy  Interior  Environment  Design Concept  for Children With  Cerebral Palsy (Cp) in  Accordant  with  
Patient  Behavior  and  Therapy  Effectiveness : A Case Study on State General Hospitals, Source: Noiprawat and Sahachaisaeree, 
2003 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.5. Simulation for smaller scale artifact design 
Artifact design for commercialization in smaller scale could be accommodated by means of visual 
simulation as well. End users of particular product might not be the same as purchasers, toys for instance. 
Packaging plays the role of revealing and explaining the packed product where perceptions of cognitive 
and affective meanings are crucial for the attraction of potential buyers. Tiwasing and Sahachaisaeree 
(2010) attempted to test the design elements conveying perceptual meanings on toy packaging for both 
children as toy users and parents as toy purchasers. Children’s determination is usually directed by their 
affective perception on particular product, while parents’ decision to purchase is established by the 
The research aims to study the function of the interior environment on the effectiveness of physical therapy for children with 
cerebral palsy. Utilizing a case study approach, the study attempts to elucidate the linkages between interior features and the 
principal concepts of physical therapy.  
Information from literature is explored to establish the theoretical frame for the research methodology. Field observation to 
reach the answer of the study includes survey of interior features in three state hospitals—Rachanukul hospital, 
Chulalongkorn hospital, and Ramatipadee hospital. Two other techniques are followed—structured observation and 
achievement rating. The structured observation aims to scrutinize the patients’ response vis-à-vis the achievement rating, 
measured by the level of patient cooperation, rated by the health personal. Statistical results of the research reveal a pattern of 
three linkages—between the interior features and the patients’ behavioral response, the patients’ response and the level of 
patient cooperation, and thus infer to the relationship between the interior features and the level of patient cooperation. The 
analysis of behavioral response discloses three types environmental stimuli which trigger patients’ behavioral response with a 
probability level of 0.05—the present of individuals in the treatment rooms, the interior features, and the present of 
individuals outside the treatment rooms.  In other words, desirable response increases along with the number of interior 
features as stimulus. The research also found that behavioral responses positively correspond with the level of patient 
cooperation, which conveys the level of effectiveness, again with a 0.05 level of confidence. The interior features, which are 
behavioral stimulus, should thus be positively related to the level of patient cooperation.  
The research also found that there are two groups of interior environmental factors that could be manipulated to elevate the 
effectiveness of therapy: the physical environment and the spatial location of therapy activities within the interior 
environment. As for the physical environment, the optimal floor area should be approximately 10 square meters, and room 
height 2.80 meters. The areal arrangement should be simplistic and unambiguous in accordance with the particular function 
of the area.  It is preferably to have two separate entrances, the main and sub-entrance. Mat areas should cover a 40 percent of 
the total room area. The combined artificial and natural lighting should be at the level of 250 lux.  Natural lighting is more 
preferable with visual control to reduce stimulus from the exterior environment. The interior surface should be covered with 
85 percent of white color—wall and ceiling areas—with no more than four additional colors. Contrasting colors are more 
preferable than color grouping, since contrasting colors tend to be more stimulating and yield a more effective result than 
harmonious grouping. 
In terms of spatial location of the therapy activities, there should be no more than 6 therapy groups within one hall, with a 
distance of approximately 4 meters between groups. Enclosure or blind should be applied to reduce interference during 
therapy.  
The research concludes that privacy and territoriality are crucial factors governing the effectiveness of the therapy 
environment. While some environmental stimuli are necessary to draw the patients’ attention from the rigor of therapy, 
unwanted and exaggerated stimulus should be reduced to balance the patients’ concentration. A moderately designed interior 
environment as mentioned earlier can foster a more effective result of physical therapy for children with Cerebral Palsy.  
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cognitive rationality. A set of design features are applied to test the differentiations between both types of 
determinations of the same product packaging.  
Exhibit 6. An Empirical Research Approach toward a Design Guideline for Single Occupancy Hospital Ward in a Thai Perceptual 
and Behavioral Context. Source: Tipian and Sahachaisaeree, 2008 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Interface design has been another issue threatening potential users with eye sight and perceptual 
limitation, such as the elderly. Simple and appropriate interface design is thus crucial for technological 
products such as cell phones. Pijukkana and Sahachaisaeree (2010) utilized computer simulated icons to 
test the level of interacting ability of the elderly over 65 years of age. Four types of graphical aspects are 
tested, namely, pictorial representation, icon size, pictorial complexity, and the extent of operational 
Spatial function and environmental perception has long been important issues of inquiry for researchers in the discipline of 
Interior Architectural design. To establish a criterion for design, one must consider the prospect of users in terms of the 
distribution of spatial behavior over the occupied space and the preferred configuration of design elements, which form the 
ambient setting. This research endeavored to investigate two dimensions of design features—the spatial function and the 
ambient environment—to establish a guideline for single room hospital ward design. The study comprises three stages of 
inquiry, namely, the initial exploratory survey to establish the existing types of single-room ward, a spatial distribution 
survey and BME testing with potential users regarding the user procedural behavior and space requirement for each task, 
and a semantic differential testing survey utilizing simulated photographs as stimuli to reach prospect preference of ambient 
design for users. Sampling in the exploratory survey was taken from hospitals in Bangkok and outer provinces to be 
analyzed and synthesized to reach the taxonomy of room types. Features of rooms which affect the differentiation of spatial 
functions were classified to represent the distinctive approaches of planning to unravel the spatial behavioral needs. Eight 
types of dissimilar planning types were found and applied as a basis for questionnaire survey and BME testing in the second 
stage. Meanwhile, the exploratory survey revealed that six dimensions of ambient features affected the preference of 
users—lighting, materials, room styles, and colors, voids, and the present of props—which indicated the extent of 
inclination of potential users. Those six indicators of ambient attributes were then applied to the building of pictorial stimuli 
for preference questioning in the third stage of enquiry. In this light, human attributes—patients / visitors, gender, age, 
income group, and exposure to art education—were applied as control variables. Two experiments were conducted in the 
second stage of research to elucidate the preferred spatial settings for each of the functions in the single room, for users 
covering both patients and visitors, and area requirements for each function using BME testing as research tool. Four types 
of tasks were tested—transporting of patients to the patients’ room, moving of patients from wheel chair/transferor to bed, 
changing of bed sheets while the patients were still remain on beds, and the patients’ bath room activities with a third 
person’s assistance. Statistical analysis was applied to further generalize the outcome to the potential groups in order to 
establish an applicable design guideline. Findings of both aspects were finally combined to reach a design guideline for 
single room ward for public hospitals in a Thai context. The study found that the designated research tools were able to 
disclose both the spatial functions and the ambient preferences from users fairly well. The spatial settings and users’ 
behavior were closely related, namely, distinctive types of users acquire different pattern of behavior and size of body 
motion envelop. Size of body motion envelop depended much upon the approaches one take to perform his/her task and the 
anthropometric measurement of that individual. Findings for spatial locations of the seven functions in a single occupation 
hospital ward room—patient’s bed, visitor’s couch (also utilized as sleeping area at night while stay over), bath room, 
closet, dressing, refrigerator, and access entrance door way as reference. The research utilized simulated 3-D floor plan as 
stimuli to trigger answer on local preference for both patience and visitors. The study found that patients’ and visitors’ 
spatial behavior, and therefore, their preference were slightly different, due to the distinctive location of sleeping areas—
patient’s bed and visitor’s couch. For instance, patients and visitors expressed different preferred distance between bath 
room and patient’s bed and between bath room and visitor’s couch. The rest of preferred locations for each type of function 
were, however, able to be statistically generalized to accomplish a final design guideline. Finding for the third stage of 
inquiry on preferred ambient setting—lighting, materials, room styles, and colors, voids, and the present of props— 
demonstrated that most preference were consistent with design principles and able to be generalized to the design guideline. 
Some differentiations on human attributes such as level of education, gender, and past experience, however, were found 
significantly determined the users’ preference. The integrated results of the research findings from the three stages were 
able to form a logical pattern of guideline for single occupancy hospital ward room design in the Thai socio-cultural and 
behavioral context. 
46   Nopadon Sahachaisaeree /  Procedia - Social and Behavioral Sciences  36 ( 2012 )  35 – 50 
complicatedness measured by number of level one needs to enter for a particular function. Contextual 
factors such as type of needed functions and level IT knowledge are also taken into consideration. 
6.6. Mocked up and partial mocked up 
Different types of environmental simulations tended to post questions on methodological effectiveness 
and cost optimization. Pictorial vs. mocked-up methods, for instance, differed in the extent of time and 
financial constraints. Stemming from the research result of Tipian and Sahachaisaeree (2008), 
Limbuddha-augsorn and Sahachaisaeree (2010) attempted to test the differentiation between pictorial 
stimuli and actual size mocked up from the suggested design posted by Tipian and Sahachaisaeree (2008) 
(See exhibit 7 Limbuddha-augsorn and Sahachaisaeree, 2010). The comparative experimentation tested 
two types of environmental perceptions and an additional space requirement for specific activities and 
circulation. It found that pictorial simulation could reveal a great deal of accurate user response on large 
scale design features—furniture style, color, and lighting. Small scale features, however, tended to be 
miss-led in the testing process—material, patterns, operation of furniture doors. Despite of a certain 
extent of accuracy, the study found that BME results from partially simulated settings tended to lack the 
contextual considerations—clearance of corridor, floor materials, adjacent furniture, and the present of 
other medical equipments, which posted blockage problem to the access of stretchers. Actual size mocked 
up is also able to reveal the minimal space for each activity with great accuracy when space is limited, 
valuable for the sake of space economy. In terms of cost arising from design mistake comparing to the 
size of repeated construction in this case study, the needed mass constructed units was as small as 20 in 
order to breakeven the cost of mocked-up test.  
Partial mocked up is also a useful tool for the remediation of spatial problems. Universal design for 
public toilet, for instance, posted a great deal of application issues owing to differentiation of standard. 
Most existing literature and design guidelines are Eurocentric and could hardly accommodate the lifestyle 
of users in another setting. Differentiations on anthropometric and socio-cultural background including 
behavioral contexts need spatial and dimensional standard readjustment. Mamee and Sahachaisaeree 
(2010) utilized the partial mocked up method as an experimental tool to generate a design guideline for 
Thai users with physical challenge. Handicaps with three levels of physical challenges—cane, walker, 
and wheel chair users—are tested against the four activities of toilet use—mobility toward and within the 
facility, usage of wash basin, urinal, and toilet bowl. A BME approach is applied to collect spatial and 
dimensional data for final design guideline generation. The research tool is able to identify not only the 
differentiation on behavioral and spatial standard, it reveal preferences and attitudinal response from users 
valuable for future design standard setting.     
6.7. Corporate and spatial identity 
Spatial settings and human behavioral response leads to another set of attention-grabbing research 
themes—corporate identity and spatial identity. Sale space of different brand holds its own spatial identity 
legible to its frequent users, Wal-Mart and Macy, for instance. Designing of new sale space belonging to 
the same brand needs to identify the corporate spatial identity for design basis. Hutanuwatr and 
Sahachaisaeree (1998) attempted to identify the spatial identity of three different brands of home 
improvement sale spaces—Home Pro, Home Work, and Home Pro Plus. Types of merchandize grouping 
of several sale space of the same brand was done by means of planning analysis then synthesized into a 
pattern merchandize zoning for final generalization. The research is able to find the differentiation of 
grouping pattern among the three types of sale spaces for future design.  
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Exhibit 7.  An Analysis of Mockup Cost Effectiveness to Verify the Accuracy of Stimuli Approach: A Case Study of Interior 
Design for VIP in-Patient Rooms. Source: Limbuddha-augsorn and Sahachaisaeree, 2003 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Another instance of spatial and environmental design for corporate sale space has been the franchise 
restaurant interior settings. Two types of physical settings posts design issues to the designing team—type 
of seating and location of the seating itself. Pooudomsuk and Sahachaisaeree (2008) studied the sales 
pace identity of Swensen’s Parlor on two different aspects—ambient identity and spatial identity (See 
exhibit 8). Color, material, lighting, graphical design, and styling are gathered to derive the existing 
ambient identity. The spatial issues include both working space for employees and seating preference for 
customers, data on both aspects were gathered by means of behavioral mapping and snail-trailing to 
derive a pattern of spatial behavior vis-à-vis seating preference for a generalized set of design guideline.   
6.8. Spatial legibility 
Prior to the generalization, a cross check procedure must be done to ensure the accuracy of the pattern 
of space representation, which methodological issue has not yet been resolved. Only pictorial stimuli was 
used in the cross checking process of both cases. In this light spatial simulation should be an alternative 
for the testing of users’ legibility in the environment which has not yet existed. Techakanjanakij and 
Sahachaisaeree (2010) (see Exhibit 9) attempted to test the distinctive types of computer spatial 
simulations—navigable and non-navigable—on the spatial comprehension of potential users. The study 
also takes into consideration the extent of floor plan complexity that affects users’ perception differently. 
Exhibit 8.   A Spatial And Atmospheric Identity Guildline For Franchise Functional And Environmental Design: A Case Of 
Swensen’s Parlor . Source: Pooudomsuk and Sahachaisaeree, IAIDAC 2008 
 
 
 
 
 
 
 
 
 
 In architectural design, a mockup is a scale or full-sized model that used for demonstrating and evaluating the functionality of a 
design. Such model is not widely applied to the architectural design due to its substantial costly investment. Nevertheless, when 
designing a large scale project with a similar room patterns, a mockup is necessary to be established in the assessment process 
to avoid unforeseeable mistakes.  
This research attempts to identify the association between the number of rooms and the optimal cost for mocking up utilization. 
Using Tipien’s (2008) research findings as a point of reference, the research compare the extent of users’ attitudinal accuracy 
and the ability to reveal design problems vis-à-vis cost differences between the two methods. Number of unit to be built would 
thus be the crucial factor determining the cost-effectiveness of research, in that additional types and number of error, identified 
by the mocked-up approach which are overlooked by the pictorial method, multiply by the number of units to be built when 
compare to the cost of the mocked-up method. Two aspect of design variables are tested—spatial and ambient design. Subjects 
of the research include patients, visitors, medical doctors, and hospital staffs. A pre-post-test and experimental-control group 
approach is applied to ensure the validity and accuracy of findings.  
The research found that, despite of a majority of finding similarity between both approaches, a number of fatal mistakes have 
not yet been identified by the photographic simulation method. Additional gain of the mocked-up method has been the ability to 
reveal the minimal space requirement in case of extreme spatial constraint. The research also found that ambient characteristics 
could hardly be represented by means of small pictures, such as material, texture, and detailed design.   
`Corporate environmental design for commercial franchise has always been mixed up with design for corporate identity. 
While the later deals with color and forms of label and brand, the former concerns the spatial distribution of functions, the 
ambient environment, furniture and appliance styles, and the unique atmospheric design of the selling environment. Using 
Swensen as a case study, this research intends to investigate two dimensions of franchise environmental design, namely, the 
spatial configuration of floor plans and the ambient appearance of the selling space. Research questions dealing with the 
spatial setting concern the distribution of service and seating arrangements together with the size and types of amenities to 
support the ice cream parlor’s activities, such as, counter size, number and types of seating, location of storage, service 
circulation, and locations of service stations etc. The second research questions concerns the ambient atmosphere of the parlor 
which must be able to reflect the unique franchise identity. Features to be explored include color, furniture style, lighting, 
proportion of graphical walls, and material usage in interior design to be able to comprehensively reflect the unique ambient 
environment of the Swensen’s brand.  
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Exhibit 9. Testing Floor Plan Legibility by Means of 3D Computer Simulation: A Comparative Study on Users’ Comprehension on 
Floor Plan Complexity and Navigability of Simulation. Source: Techakanjanakij and Sahachaisaeree, IAIDAC 2010 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The O’neal method for measuring floor plan complexity is utilized to create two interior floor plans 
with identical function, yet with different level of complexity to test the legibility of potential users. Two 
groups of subjects are randomly chosen from the KMITL campus to represent students with and without 
spatial skill. The accuracy of legibility was then measured by means of map drawing. The study found 
that spatial simulation created by 3D software is able to convey substantive message to users, especially 
on the spatial dimension of the built environment. The study also found a differentiation between 
architect and non-architect on the ability to understand the directional and locations of landmark among 
the two levels of floor plan complexity within the test situation. It can be implied that the utilization of 
this simulation must be utilized with great care and still need further study.    
7. Conclusion 
This paper discusses the importance of empirical research along with the design process as a mean of 
cognitive inquiry within the field of Environment and Behavior Studies. Knowledge in the area of design, 
be it large or small in scale, can be acquired through the physical appearance and users’ behavioral and 
perceptual response.  Designing usually deals with physical settings which have not yet existed; simulated 
objects are thus crucial tools playing the role of environmental stimuli for perceptual responses.  
Discussed in this paper are simulated tools which have been successfully tested to reach research solution 
within the EBS field in a wide range of dimensions—Spatial/non-spatial, commercial / affective values, 
Floor plan configuration in architectural design and the legibility of users are topic of interest for environmental design 
researchers for decades. Since design proposal still in the decision making process and has yet been built, research tools such 
as photographic stimuli, video representation, and 3D simulation has been the testing tools, which are yet in the infant stage. 
This research hypothesizes that two distinctive types of computer simulations—navigable and non-navigable—have a 
different impact on the comprehension of users. The extent of floor plan complexity also affects users’ perception differently. 
The O’neal method for measuring floor plan complexity is utilized to create two interior floor plans with identical function, 
yet with different level of complexity to test the legibility of potential users. Two groups of subjects are randomly chosen 
from the KMITL campus to represent students with and without spatial skill. Two sets of stimuli are created—navigable 
program and non-navigable video. Both stimuli are tested with a group of 100 mixed males/females, architects/non-architects. 
Subjects are tested for level of their spatial comprehension by means of map drawing after watching or interacting with the 
stimuli. Two sets of indicators measuring correctness of spatial configuration and sequential movement are utilized to weight 
the accuracy of spatial cognition. Test score is then tabulated with the level of floor plan complexity and navigation methods. 
Findings are developed to form a design guideline for interior environment to determine the level of floor plan complexity 
and usage of simulation for legibility testing.  
In order to empirically reach a set of design guideline, the research proposes to investigate a sample of ten Swensen’s ice 
cream parlors with different size, local, and contextual settings. Research tools comprises structured observation and 
interview to reach a pattern of users’ behavior, spatial settings of functions, and the preferred pattern of atmosphere being able 
to represent the Swensen’s  commercial identity. Activities in the service areas are identified and classified into tasks and sub-
tasks. Area requirement measured by means of Body Motion Envelop (BME) of each task and sub-task are then tested and 
recorded in a generalisable form to be applied in the final design guideline. Analysis and synthesis of data are made by means 
of statistical methods, logical reasoning, and spatial analysis to ensure empirical validity. The final product of the research 
yielded a set of interior design guideline for Swensen’s ice cream parlor. More importantly, the learn procedure toward the 
conclusion of corporate environmental design are documented as a contribution to the discipline of environmental design.  
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methodological optimization, environmental identity, complexity and legibility. Some research tools still 
need further calibration and readjustment to better fulfil the research needs and validation.    
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